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63293-26CL 

Thia Invencion relatee to a method and apparatus tox 
heaxiiyq au e3.one!».ced epae« or location eocitai.aln9 an olon^atod 
tof^atorr HoL-a psrticulaviy, Uia invention re^at.*i to iiu «lac?trj.cai 
reainrancft heAt«r for heating Ati <:loA{iato<l suJ>t6rr^cai) iioxotiolo 
At ratoii vhich dc« dlffarant at dtffBcant dapthQ at Xhe borehole, 

:ct 1ft knova to l>« bouoClclal to ti«i» aLongat«<l baatsrs 
nueh ds veil heattm, for heating tntt.rvala c^t 9ul>t«rraQt»aD <}ftrtb 
J(oTmatt.onu, plpo Intoriorsr or othar aloogatad apacaa. la various 
ffituationa, It Is daalxabla to heat auch apacat at ralatlvaL? high 
XO teoipec^tuTfta ror relattvelv long tlnee. Bttnaflcial rcavlta 
o)>tslijod by Buch haatlncj nay Includa pyrol:lalog qXI sUala 
format tona, coklog oil to consolidate unconaoiidated roaazvoli 
tornatlOAS. coking oil to form alaotrleally coadoetlva oarbonizad 
aonas capaaia of opa rating as ftl«tro4ftft irlthln a reservoir 
j^ocAat^oAr tharirially dlaplaolng hydrocarhoaa derived iroa olla or 
tara iuto pr&duQtiou locianioas/ PteircntxAg fomatlon oX hydratotf, 
prfM2lpltat<id, at the lifca in fluid* which ara being prodncad from 
v«iiB and/^or traivaulttad throug)) pipea, or th^ ilxe. 

The invoAtlOA alKd to provida a heatloci v.pparatua vhlcb 
20 is CApAtIa of generating beat at different rataa at dltftreut 
depr.hp In a well. 

If) accordance vitb the invantioxi there la provided in a 
proeaaa lu vhiol^ eubterrftAtan earth fornatlons vitKln an intorvnl 
(coro than 100 feat long ara baated to a taaparature of nora than 
600^ c, f ao that htat ja Injected aubetontialiy ualtormly l/ito Chat 
Interval/ lApreveaiaiit for aonatruetlog and laatalllng a beater 
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bnvlnqr en olj^ctrlcil cable hoating lecxion vhich la frtc of 
Rp.l^ces, ooilpti^jing; con;^t:i-ucrtixitf iia.it} hooting cablo /;eclluA by 
co)npr«a«ivaIy Hvaglncj ar leaet one v^ortlon of a ^uaotiou-tr«< 
electrleoi beating cnhlt^ to roducQ its s1k<i at naiil at ivAKt ond 
portion V Bsld cdbla la at laair a» long ai tUa ^artb formation 
Interval to be btat«d and coBpri»ai! aA axi&Xlir aXltfXiedr naiieaMo, 
ala&trlcallY eonductiva ecire Burrouad«d by granular miQerftL 
insulation wltbla a matal aboath« ao that awagad poxtlon gaaara^ac 
haat at a raca hiqrhar U)an the unavagtc) portion; correXatincj th« 

10 loCAtloa Ot S^iXd ssvdomg WltU tHo pattern of tktut conducJtivitv In 
the earth fornR'tion iuxarval ao tUat t«t IfcAitt ona ootDpr««aiv«ly 
«v&ged portion ot tho csl'dIb i« locatad aloni; ttvo caMa in a 
poaitloD auoh tbat, vhan the eahle ia extended along tUe eavtki 
foririfitlon intarval to be h<»a.tot), tbo conprisalvoly swiigod portion 
Is adjacent to m portion of Ti)a earth foriution Interval io which 
Ctie heat conductivity Is raictlvoly hlghp ccnnocting oriid 
selectively awagod heating cable section to ax Xeaat one power 
supply cAble aud 8i>oollng the Interconnected c&blos; ano 
unfJpooXlAg the Interconnected cable a into a veDhore along vXth a 

20 t/eight^aupporring metal conduit Vbile periodica} iy attaoMog the 
ccbbioft to hhc oonclult and oxtanding the cable a and conduit to a 
depth at which the conpreeiilvely awegeel portlona of ihe cahla are 
poaltioned adjacent to tuo oatth forttationa having a xalativalv 
high thaxmal conductivity. 

Vhe invention wXll now be «xi>lalned In noro detail «3th 
raiaranee to the accoapaoying drawinga, in vhiohi 
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6.X293-2601 

riff\ir« i Is a thi-Qe-dLTnanoional lllustTatioiv of an 

porcloM lultAbl* Cor uie In th« piraceni iavnctlcn. 

oluctrlcal zavistaDca b«atar vltliib the in aLCcardaAcro crltft 

the preMQt Laventiott. 



■p. 
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poxtti' «U(!ply csible and a ffBtaI'ishr;fttbed insaXated cnblt^ &ult&b.1e an 
a heotliig eiensnt of tim prusiaAt inventiax* 

Pi^jures 4 ai^d & illustrarta aplloos for eteitricwlly inter- 
5 canaazting the ccsnckictlve corea of a y^ir of netaL^'^heactiietl mlodRd- 
i,nEvalated heating cables suitablis as boing cabLen in the prBasnt 
Lnvwition. 

rigure 6 ehcra on olcctrjcal power eup^Iy ciroolL suitable £ox 
use In tine preeavt invuntlcEi. 

U) ite preesnt invcnticn !&' at XM9h in part premiiicd 00 a 

d'laoa^xy that the pet/pwrtiOB of an ele::t>:ical oB nd ix r t&r (such aa a 
sctal-shoatbed «>Ud ]tBt«ri^-ln&uIftisd electrically cccductive 
cable ccntalnlr^ a AingXe oopper coro) are SD^h that raaults of an 
application of oonpressivv) Mgin? to thd c/itdidc of the soatal 

15 ijhaabh are tranasdttoa through the infmlaticn tu thi> oore of: the 
ceb.Xe \n a mamar Buch th&t CftcSl of these GcnporjairitB ore 
sulDetantially einultajieoufily roAiced w crnes^aectiaxiai circa toy tine 
sane relative aacwta. The raductiooo In the cable cme croa)»- 
fioctional area can be cantrollad to cause the 5Pwa9Bi pcartioa of tho 

20 cable to generate a aiqnificantly Kigber asoMt o£ heat per unit 
tine thai! tAat ^AuLCh uoulcl haspa beee ^na&rhUA vltteiit the aNaging, 
evjfin at a substantiallv lot*er ten^aratura. 

In a profocred ecrixxliibent of tbe invention r auch a sMa^nq ie 
da>a Jay A process o{ votaey ewagln?, ancxinting to ociipressli:g the 

2^ cable with iftftfli' bJjaJS appllei bi' rotaticq dies. Itotatlnj a waging 
e&TiasB and tachnigucs aro kna/n and ccmwrcially 3\'a3lablD. &\ich 
irachinaa ooBinanly oonrtaJi) tvo die? ySnXffti 7ec3.fQrncate rapidly ao a 
spoLrdle in vnicJi th:^ aru cxKantod Ic rota(»d» A cceqanaaaive rotatv 
^aojin^ c^raticex invnivea a bsnssring action which hae the Raica 

30 bsiAfif iclal nt^crlal on netsa an foaming. It produocB a desirable 
grain atructuro rasaltlr^g in an increiiiBd tensilQ atroigth mvl 
eiaaticity. The ooltl (io tcsperatute) 9^ Aging tende to %iOtk harden 
noat jiartaUic natari&lfi* If deftlred^ anch a hardening caa bs mxle 
noore flescible bf annealing. 
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in a rotury sw&coj*/; cpnratica, the extent to mitricti the SMacfS^ 
iD«t«rAal 3 8 reduced tn crcwJ^-serAlcnal an:a cs9)\ 1» cantroiled very 
aocnirRtely. Fbr ecsuuplo, sirwo a cnetaa-ahaathed solid cnateorial- 
insulated n?ppsr«car^ olcc^xica3.1v«<'CcmA3t;titfC ciQb.le behpvra as a 
5 BQlid jfatcr.1&l during a uotary wvagitvg ojjeraticn, fiwch 4 cab^e 
haifiixj a dleni&t»T oC tvcxn nJxxit 0.68 to 1.25 on can ba «x«iged to a 
teduoBdi didrrotor vltii an accoriicy o£ abciit pXua or nimH 0.002S cm. 

figure 1 iiluatTAtes svragnd and \]ji6M&r|0d portiona of a' cable 
jareferreA fer usi» in the prossi^xt in'/entino. In tlie oabJ^ slxwii/ a 

10 Bt&inl065 steel iteatto 2 surrouAc\3 a ndrjaral iosalation 3 

Donsi sting of Mghly oon^rweesd grains of irE^neaiucn oxide and a 
Holid oanductive com 4 of subct(u\tlally pjrs ccppcor i& 
cancenrtriaftLLy fSUJXQundbjl by the? InsuXarioii aond tthaath. In A cable 
of thft type ahown, where thft iraer ajid oator dj^metera of the 

1^ Bheath Z <ird 7.25 aittl 9 imi and thu diototar of tivt ook« 4 ia 3 nn, 
lu the maifragsd portion^ the eabi* may ^aaratB a tes^w-ature o± 
abait 600 'C oonductittj 180 orpetws of altncoatirji^ carretyt, 
HowewT, ii\ a awaqed portido of tl« cabJle hawing a dLaintttcr reduced 
by Ut, €L bcoperai^iurB of about 850 l3 gerAretad whin tho ooble 

20 \b ottiductirg the ssim n^n^t In tha eaife enviromient^ 

In a pEoDcnred eaboducent/ the prtssofit lrR/ent.^or\ can be 
utlliied for providing a fcrmationp'tallorad irothod and aipparotod 
for uniformly beating long tnceacvala of aubtairrajman earth 
ftannafiiona at high tccparatUTC. foonapdin? to tfaie rt^thcd 

25 si:^cxraDeiB\ intorvala arte htated vleh aii^ electric beatar 

ocaita-tulng at .l€«Bt ana spx.lable stoel-she&.thei ndnaral- insulated 
c«ble haiatig a eoiUd central core of high clccfcrical conductivity, 
5uch <i mbltft can bs arran9ei to heat thfi e&rtil fccnBtlcne ao tmt 
haat U transmitted into the formatixsoia at a atibstantially unifboft 

30 rate, even tnhen the hoatliig involvM nore thsn abocff- ^30 watto per 
tnetna at tEstauraturos betSMn about €00 aad 1000 tbe unKaaasity 
of Ui0 heat trunusih'^lon is enemred hf proi'ldinig the heater urith a 
patteam of electrical roflistarcee with depth vithin die uell 
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OTTVfilatea vith tlie patcena of heat oonductivity with depth wittiiri 

Figun! 2 stoM$ o pr^f orred eii'lyxiisBnt of a woll heiicer of the 
prtcent iiwartion baLng inst&UeA within a *«iU. dJwwif a pair 
^ oC seXactlvely aworjidd bi^atcr o?tbXffifl vAth Bwngad esid unu^/aqed 
portions ot tbe tv*ps tii>icun lii FLgore 1 ar« taeing unfilled 5.noo a 
voLi frcRi spooling oneana S cind 6 while a support sceaibar 7^ ftuch as 
a wina lino ot sgmlable sstal coeiLlolt/ is oorcomntiy unapooiod 
into the wil £rao a siwJ.in? «»ajw (itt>t ttboun) . .\cwer md of 

ID the aop^DTt astORS 7 Is aUtr:u:hBd t» a notar jroeju 9» 9i>r^ a^B a 

•linker baz foi*^ a v«rtlcdl veil or a ipxn^ld or otbed: nDCor vAana 
for a 9ubatantiaJ.ly horixoiital ^11« ^ha XoMar ends oJE the heating 
osto.le^ flvagej portionM lb/ arc inec*3ni.cally at±actiBi3 t» a PiibLe 
jxinction or encKtcnrwctor 9 in it^icb the ccnt)uctive osrea arc 

15 elaotricalLy lnbaroQnr)e;7t«d (aa ahenn in aorit detail in Vigure 4) . 

junction 9 is a\s*n wKiwnically ooimoctod to the support maBbea- 
7, for tiscanpLd iay a strappiTVi cnaana L2. VtnA Icunr onds ol the cable 
partlaia, ♦ihich are t-waged for incr^aaad heBtirjg, ar« oleetriciiXly 
inharoanoastad in the cr/t ccawectcar j> fa«3 pooitionad to oacccnd 

?0 thiTOugh the sane acileactQd for rcoolvlrg the .iDsnaaaKd heating. 

Ha LwaNstgecI pDrticna la of the heatir^ cahlea, deaignad £or 
Riinocnal beati.ng along thd sono to be heated* are poaitiontid to 
extend atxrje ehe ewsqed partiana lb for a distance so^fiicient to 
reach a zone vhich la cool eosagti for an interoonriec'tiixi of ti» 

2^ heat^tng cab}i» po?tifli» U wi.tti poiMr aispply cables 10 bv^ Tmiui d' 
jcdiTts or splices 11 tor electrically and B«chEasieally inter** 
■ ocnnestirg the powor supplyii'4 a3'4 heatirjg cahlisa. IhD power Wfply 
cablaa 10 {ire arran^od for carcying a selecbsd anoujit oi curr<a(it 
vhila generating only a Ainlirftl araount of heat« n» details of 

30 suitable tnechanical Wid alestrioal cable coimecttng :)ainta for tiae 
with inatal-^heathcd Bdnacral-inulatfid pouer su^lyli^g cablea urtt 
illuutartifid tA irlgupa 3. 

AS the hoatrlJig arid powar agpply oobioft 1 and 10 dire run irtn 
thd wall* aloner vl^^ cJie weigbt.-acqvactiog ttrand 7« the cables are 
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parioditsxlly attached to tha istrAnd 7 b^' nwio of clcin^ or 
6trc43pij?g ai2&iifi 12, clawpe <ira arranged for careatiDy a 
£)riction betwcaon ths CAblsa and istr&ndi which is soffiuidnt to 
suppTTb thQ weight of lengths od! tha cables whinh «ixe lucotcd 
5 b€itwe&u the claxcpe. 

Fii^ce 3 illuatr£itd8 details ot prsferrtod &rraP9W«ntR of 
splices 11. ftB tihcMtif ths power su^ly cafale 10 taM a rtttal ataatb 
14, audi as a copper ehsatJi^ surroujullngf an inBulotad olectrj.caUy 
coexSuctivB oxc 13 having a aoctbioAtlon ot cro*wi^iie=tuMl Area and 
ID electrical rcsistajxe par tinlt of Icngch aiSaptincr it to oarr/ lia 
current txi be used \i\ the heatirg operation vliilt gereratlng cnly 
VI inaigrrificittit eaocmt of beat. A« shoim, the power cabla abaath 
14 ae veil as a power c%ble oare 13 oro larger than tte ^jeath 2 
and core * of the un^xvigod port.to erf I'jeating cabLo la. tha 
15 oanAactlve oorea of the cable are deoCTicaUy intatoaanectedr 
preferably by wsJdirjcr, Xn general, the pcMur cable can oacrprise 
«?Lto8tantialLy aoi' tiT» of elartrically oootiOuctive cable which i3 
□deq^uetaly hcat suiilB at the teirperature generated by the winiinum 
heating psrtxott ofi a hw.tlTvg cable wacli oa la^ Wlicre che nexincm 
20 selected heeting l«n?«rAture is sufficiently ItM and/or tlv 
dlstaavre l»iveen the pci^'or supply and zcne to bo lasated la 
ade<iuafeely short, tha ^fiwer &xppiy cable can ocnpride a irotal- 
slieatbed mrjerAl-intaiatoa b-olKV-cored cable wtjich is sDloctj-vely 
p-.^BigBd to pruvicte tlxD aolcctod beating tenperatjure su that no 
^5 slices such a« eplicea IL aro naoded. 

AO abOMfi in Figure 3, q reLativoiy cbort *l«eve IS, such as *a 
steal shLtcvc, is fitted around and «»ldod or bra^edi or otheYwiee 
jreohanically attacb^i, to the aheattx 14 of the power cable 10. Tho 
eleewa '13 ia prefcrabVy selected to ba^;o an inner diaoneter fotodng 
30 an aniiuiar spaco botwoen it and abeatb 2 larga aicugh to 

aocwwrodate a shorter ata^l sleeve 16 fitted around tte sheath of 
tl'ye cable la. In a prafurred as*>si*iang prxsoaaura, before ioeertiJ'-g 
tho short .TleevQ 16, ejbBbor/tiiilly al3. of tbe aarailor lipsco betosicen 
the cai!)le codre vnntara 4 and 13 arid aloeve 15 ia filled with & 
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poNxiared minaral InsuLa.tang matRrial such as iwgneaium OKidP. Tte 
inPvUle.t3.ng matari<il ic preCftrably dofjoaitkjdl within both khe armuinr 
>i^o& l>tafeen Uift cable oorcsi and ttia bIbm 15 «5 'xeU fclte 
spooe beu-eei) tha BlHa^A:> 15 and tJhs ohsath 2 uC -Uns cable and 
fi vii;ra±fid to ccirpact the cmiis of par tlcl.es » Sleavo 16 Oiun tlven 
dfl'Tcn Inbo spaoa Latutzon the tlee^ve 15 sB)d ahaith 2 so th&r. 
the rass of mljiera.^ iniulating peurlicl^s la contacted by the 
^jrxvinq forca* Sleeves IS and 16 and aheath 2 are bhen veld^ ar 
bra^el togetiar. 

ID ricKire 4 ill\2£tratcs details of an end oogmo^\OT cr splice 9. 

AS fihcun, oAblea lb am coctonded thirniufh haled in B fibeeX blade 9 
so thAt slxort Aesticcw le extaid Into « cylindrical opening in tiie 
contra! portion of tiia blocdt- Tl\c elcct-Tlcally conductive vxsrefl of 
thQ cables are welded togathor &t veU 17 and the cab.Ld s^ioaths arn 

1? velddd to block 9 st welda IB. ?.m£cr»bly, tihe central conductars 
□f the cablos az« earrciTjdsd b/ a hant fit^blfi olectTiciil in.0alat.iun 
such aa a nitiss of canpaci^ p^>der^ ndner&l pftrtlcles artd/or by 
disc? ot cexajoic matBriala (not shOMn) , aftar >diich tha (xotral 
opening is sealed, for escamplftr by v^Idlrug'-rn pierea of ataol (not 

20 shciwn) « V3here the heatar i.^ eux:iported# as 9b»«n in ?j.7ara Z, by 
attaching it bo an elongatod cylindrical sttvicenral nesBber 7, a 
groovo 19 Is paneterabli' forniad ^lonq azi oxtcrlor pocT-icn odC end 
eplioo 9 to cnate with tM ataeucturi^l matibor and facillcabe tha 
attaching of the end pieoe bo that samber, ior execvple/ b^' a 

25 stra(:ping cikszoia 12 « 

?igur« 3 B}KM8 a prcfomrcd type of end coenactor i^hich 
climinateB the need for Oittlng at^ walding a heater onbli© to fom 
a peiv nf hBEvtur cabl4«^ 3uch as o^le;^ 1.6 . beater cable is 
alirpiv bei%t into a a^tum and ciachanloaUy cXaii^ad to block 20 >jy a 

30 bolbed-^xii cl^^Hiping pJLabe 21. The block 20 is prefarably loro'.'idad 
with groove; 77. to facilitate ti'jo c.Laflt>ing of it to a cylindrical 
structural iraidber sonih an the cyiindricsad sanibor 7 ahovn in 
Vigura 2. 



htip://paienlsl.ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



01253555dis.afpPage9 



Page 2 of 3 



- 8 - 

.In cjcancral, powr ^u^plying el^nenta cwi ctmpriee 
aubBtontUlIy any rc ck }JC syfrtun c6p9bXe of cisoanrig a hautar of 
ttsa pfCficnt typ9 to hsAt at tho 9&lB0t»dl rvkUiiively hiijh roto. &jrh 
a beatirg rata cm be abciit 330 watte i»r metre or totpi, 
5 ricfure 6 i& a dlagraa) of a prafervod ^rron^eena^b of 

altexnating cucnaat oiec&rtoal paB«i: au^Xylng elemegptq mitabld 
£crc ttvi praaent typo of hcae«r. 'thia arra2icjE««nt indoles »A3 
IwcrsCf paaralLea., ailioon-cmtroUed nwrtifieara <SC»a) in ths 
circuits ofi l:o<;h elamenta cd a two-«l«ns»t h«abir« In such a 
10 )^I&ftCOd sy^tCT tha heater Ixsgs should 3» eejual rasj.iitanoo 90 
that tha cchlA ooce jnosbicmr ipoint h, (wlilxin acd oranastor 9) osn 
rannin at 20ro voltage or virtual ground potaentxal. Oiha ahadtha of 
the baater cubloa or^ ooomnectiaA to tha grounciod ooritre rap of tha 
transAacmsr HFrnndary. Since point A repreaenta tha i«el^ 

15 cowjQCtlon withto the end piaoo 9/ the poeenttal differenwi between 
tho ooonoctlcan and the Jiojeing will i» zero Cor all practical 
puxpofittf. tt»8e p>inte co^id be in elfictricel ccntaot %*it}iout asiy 
ccnductian of carnent. At pointa advanoln? upward alcn? the le^a of 
the ^iwatBT. the pot-;ential diffaretx» betMOsm tl'vo shoaths end the 
20 oentTAl cooductor OAn incroaaa and finally reoch flMMlcnums aa 
plua or aiinut 2<0 V. 

m various aituationa iti whidi an etoigatad opaoa ia to bo 
yu»atad, tlie in aitu tl:.aRa&l oconduottcn voy vary 9i^i£iceiritly 
vitl-jin varioua layers cr loo&tjbons aLoo^ that space. A luctfo hoat 
oondiictive Layer will carry off th^ boat generated b^' a heater 
faster than a leaa Qondocti\'<e layer, pji a result, t^rre tar^sratim 
iTfiintAlned by an electrical reaiatance )u&t*r oaxryi*^ ^ cjlvoi 
anciant of current will V;e ^jowrt cppaflibe u core cooiuctl'/e layer. 
In aitualione In whlcti it is desiired to cmiutaio a tJAt or inifosn 

30 baating rata alcitg tte e(>9et hClR? heated, it im daaireblo to 
re:^e tbe heuter oore crosa-sttctioruil aroa in orc:e!r to gfiffusraite 
>vaat at the aana rate as that in etiwr portione of tha heataar whJch 
AVt Itotter. 
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An uiostt'lcal reBistarico hrater caix be cKoeud to ^aicrate 
gelectea hcartlr/Sf raiiefl at diff^msnt locatlcmg alccig tha heater )r/ 
insttallioc; boater gectiona ocntaininfj cmdactcra af varying cvoc^i^ 
8«;tiODftS. 'AtaB BiuaUiCflr ooqpb or OGB^fluctor cafOfiS-secticoa a>ihlblt htjtb 

5 i^sistarce to thu docrtrxcdl current flow aiid thua gen&rote irjeaU st 
& rate bigtmr than weald be g^ncratefl i>y a tJiicter ooir« *t the w« 
ts&i^atUKB. »\3r exoffpla, it can heat at a sQiccteel rata at la»cr 
tWNpsrature eKisting along & mUtively tbotb heat caaducUive layer 
oo: sonc: vitHln the epacB t»iD9 heated « 

\0 Vho present inventlun pewits a aetltodl o£ causing a heater 

havir/g an QlectricallY conductive cxart? vhic^j ia a«itinuD\je ancl 
isnitary to genorat^ ccnataDort and/or seie-Cted aft^mta of heat alcng 
one Di: a smiltipllciliy at dif fierant partioM of the haatar without 
rsfguj^ring a nuLtltudc of heotiiig cabl^ splioES. Parrticajlai-ly where 

15 tho heating is to ba oocidosted at. ralaUavBly high tco^rataraa ftir 
long times f veldin? prefalems and cpportanitiea tor loaKage an» 
itihorent in wiy aittiiig aaid splicing of elsctrical haatlngr cablea, 

Itj ras^t to da\ electrical rosiatanoa haater conpriaing a 
pcdr d£ eldstrically littazcanastisd 4»tal^£ath«d solid mterlal- 

20 inaulateS cables eacJi owitaining a malifejble octal, elactrically- 

ooriducti\"e oora, ibisr eets of rntaxy B«;itching dies can ba arrcmgod 
for yoLWi^irvQ poroentagea of Alaratrical raductlcns of 6/ 12, IS 
and 2A in tho initial overall diaffetar of oadn osble as^ its 
condactive uocra* ^ rcducipg cne Fortioo ^ the cable dxanetsr by 

;rj 6% and another by 111, the overall reduction ia 9t. IV 

porrxsedunrT&Sf tl« overall. acotss-acctlooa.T reductiana for both legs of 
the bdater can be pnTi^ided in eight st^a of roughly lot cad). ^ 
QQcaApler see tJhe fuHohring table: 
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23. 


€ 


12 


34,2 


12 


12 


45,1 


12 


I.S 


S5.2 


18 


IB 


55,5 


18 


24 


715.0 


24 


24 


S4.S 



m such a prooedur&r ^-JS abcrje-deocrita.^ pnaforrod povwr 
supply is to ujseclr it 16 AfCvassaiTV that ench leg of ^Jia hoater 
after t^Juctions lu its core diacnBtar h&vc fJi overall rBeiatdi^ce 
oqualling that of the otJver leg after reductions in its cvane 
5 dianeter* Is Q09&S93r7 to eneure tho tero ^n>lta9e potential of 
the inberoCBrtCsctOdl CGl^auctorB in tte er^d piacc. TVnjs, it xb 
iiecesBacr/ to di-'/idte t^je cr/crftll extents of elsctrical core 
reducticna evenly woe both longtU? of tha heater. 

{SubstanUall/ an? oairnros&lve awaierXpg pcooadura which is or Is 
10 Bubstanttaliy ecfaavalent to tototy fisw&^lng oon fwitably be nacd in 
prorrtisiTig tJ'tC present invwtion. Skcaov^lcs of svagln? imchinas 
and/or tecdiAiques which c«n ouitably bo used are incXuai^'a ui dio 
clnaing awaging tndChliiK^/ such aa thnea ffiiuifactxired lay 1T>a 
Ttonringtoi Cti:i?3Eany, or Abbey Aetna techine Cbirpaay or rem 
15 K9nofacturirg« dtc. 

?cvier Bu^ly eahl(*s capable of traoanitting the ancw^t of 
current mUctgid to bn upod while genaratliig only a ralatiwly 
Insignificant anount of haat and havlnr/ suf ficicml! theniial 
stabiUty tac el«strical and KCcSUAicel ati^chmnvt to tha mortal 
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snbeaiilvic) cable eclu^ed for qeneratang a coinioujo encua)t of teat con 
suitably i3ned in this Itw^rttaon. ftcaiipidfi of SQ^sh cabl^R incluilft 
those ava-ilaWa a» BlCC/Pyratenac tAI rabies. 

In g»;oeTal, in a fiituation In which an electrical conduntor 
3 rfied not ln:3alabe4/ ths preaent invention can ba ^'ACtised ^*ttb 
sobBtontially ani' eXn^triral conibctnr vAiicti \r oontinucos and 
unitary is a ooont\roiaifl body froo of tnb er c cnn ectgd ' etfpcaiits 

CQC 9trandaft end has a coze nr condi3ctDr thldoifiss U.e. a cross- 
jjectiopal aa-oa of t}je e.lertxically candi»tivo aeterlal) vhich is 

10 different in diffewant locations along tbc length of tfca e1«ctricf;l 
conductor* Prsferrod eloctri^l caondiactors osoprise S3iiicjl4fi 
ccnductive corw of aialiedsle iietals or alloys aurroundcd by a haat 
atahlQ eoll^ Jivsnslated raterial witlUn a beat atabld tf^tsil slieath 
Bucb OB rcf ractozy j^oufdsar cr aolid fibre in3alacing materials 

^.5 wiifcbiu copper or stool sl^eatJia* A aopper core surrounded by 

pondered wagDsaiwn oxlds within a ccppsr sheath for us* at Bodarata 
temperatAjreo, or a stainless steel abeath for ucc at 'ai^h 
torpcraiturea, is paiticalarly preiieTred, 

In generals tba preeent invention can l<e utilixod to inltiabe 

20 onji inaintaJit a subetantially unifiocsi rate of tioatlpjg along a Space 
contaitiityj at leajit one portion bavinrj a relatively lot rabo of 
lieat oondoctivity and/or to estahlich and naint5.5n a relatively 
hi^ rate of boating aOong aelected purtions alorg a apaca 
. thrcojhcat tjhlch the rate ocf heat ccoductivity Is nearly uaifotw. 

^55 Voe vexiBtXeam in 3wat conrtuctivity with diatimwa alcog an 

eltxgafcei path cen be detenninod by xsem^ of nonertius lexKix cmd 
available de7lce» and technic^s. 

in a particn^Iorly prafumxi prcoodure for utilizirjg the 
pra&snt invention for heating alcng a ixttb along %«iicSi the haat 

30 conductivity Is oan-wift3cm, a telaction is cnade of the rate of 
heating to bo prcvidtad uthan an electrical conductcr having the 
coi^oaiticn to b© ussA is cdrtactlng the ancunt of current to be 
used within o hooogonaous itedlum liaviog the icmetit heat 
ccnductivitv to ba onoounteKcd a}ci>g the path to be heated. The 
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maxivami thicknas:; for the elentrioAl oondixtor to \&j3i ift then 
tbs tlndcneaa which provldfts tMt fAta of hdacii:!? in that 
aituatlon, ite thickness of pcirticns of the ocndcctar to be 
psaitlcnecl aLtmg portioofi Oi tlv? path whldi havt higher haat 
r> oonductivities are then tccidc tlUrmsr to an tsxtont substantAally 
cai^iating for tiba nora r«pld conawtingKiwifty of th^ l^eat hy 
those hlgtar haat oooicIurTtivitlds. 

JSXternatiimly, where it ia dsairal^le to qenarata fcaat at 
i-eJ-atively rapid ratafl along pcrticns of a path to bs heatea (for 

10 oca^le/ along top and bottcsn portdbons of a mahterranean Odrth 
jfoonratiLin} such an arrBngCTsnt can ba iMda, aithcrogh ttjs hcut 
ccxiductivity nay &\tbi9tdnkially unifom ail alongr tha path to Ijo - 
hCAtecI. coni3i«tor thictaca© axi.-! rofclsbwice to he used alaag 
most ot' tJie cable eooductor e*re «eloc«)adl to prcvidc the aalflctesd 

13 rata of hooting along a bmjsgehsous naterial havingr the lioftt 

conductivity oanmiOQ to aoat of tba itrtvjrval. to he heartad. Ther;, r.te 
rfore rapid heativjg rate along aaJjBJtaa portloi^s o« tha jath can be 
obtained by ttainnlttg e^e portixmn of tho oonductor to ba axtfentoi 
along thoaa pcctionb o£ the path. 
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THE &abon:c>m?jTS of the ihvehtioh in ^htch ah EXCLUSiva 

Pi^OPCRTY OK PRIVIL£GS IS CLAIIIKH hRL D&FIUet) AS Ji'0U«OW&t 

In a t^i'ooaas In vhtch sobterrRneaii earl)) format Xm\b 
within an IntArviil nore tU^u LOCI teet iPAO &r« hoaCtfd to A 
tenpArature ot nor^ th;iti eoo^C, ao that h<iat is inj«ctod 
BubscanclaXIy )]ni(];or»Ly into tbat lut«tvaL, an iinproveaiBnt £ax 
ccnsti'uctlng cind I7j9t«llin9 a iiaaroi* hsvlnc) an Ql»cti:lcal cable 
heating aecMon vMoU ift free nf Bplic<:ft, coin>rl5lngi cojiBtru-ctinqr 
&Al6 1j^&i;J.a^ section by coTnpxeselveiY sv&glncf ai Ic^ait, one 

portion of a juooilou-trc e e.l«ctclcaJi heating ctibl4 to rc4ucd its 
6i2e At Bdiid at X&ast ono portion, «aid cable la ax least aa long 
a a the earth £o.nnaciou ititarvel eo be li«fttad and cjomprtaes ab 
exiAlXv aligned r m«illeaDio, electricaiay conductive core 
surrounded by gsraniiLar lUxiexal Inrulativn vltbin a netal shtathr 
BO rhat eva^eil portion gen^retea; beat at » rato higher th«\n the 
u(\2^vaged portloa; correlating tho looatlon of said Rwaging vitb 
the pattern ot heat con^Suctivity in the oarth forixotion interval 
BO that ot leaat one conpresslvely svaged portion of tJ)e c<*)ble i« 
located aloncj the cable lu a povlnioo nuch that, vheti tbri ^Ablc io 
t^xtendeU along the earth formation interval to be heated, the 
conpraesively 9wqt<i portion ia adjaoeut to a ('Ortlon of tUc earth 
fornatlou Xutcrval la nhioh thi heat eonduRtlvity ia relatively 
high) connecting said selectively svaged heating cable aection to 
at least one povec supply cahle And h'poolincr the inter conn eoted 
cables ) and ^snapoolinir the interoooueoted cables into ft wellbor<% 
alonci with a weight- fijpportlng metal conduit vhile periodically 



63?,93-260l 

ai;CAchloq tlxs cabJLep to tU« conduir d.ad extending the cables aind 
conduit to & dopth at ffhicb the coinpc«n»ivoiS' <nra9'»d p&rti6AS oL* 
the cabL« are poiiUl«nftcl najacent no tliK earth tomAtioni havt09 a. 
r«l3tivoiY high thafmal eonauctlvity. 

8HART <r BICGAB 
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AD 9TRAC T 

ElQKGIiTED maCTFTCMi TIEKIER 

An electxicBl rDslfttaEce Ueaw capobld generating lisat at 
diff8i.-«nt rfirtfts at diffiefrHfjt lo^iitiooruc a-lcng ita lanjfth corporifses a 
ccntixsuoaa drjJ urataiy e-Ucbrical conductor hanrir^ a thldaic&s 
\4tiirJi is Oiffcrent at different louAtions alaigr lbs lingth. 
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